PTHrP/PTHIR Signaling in Bone Marrow Adipocytes Regulates Maternal Skeletal Adaptation During Lactation
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INTRODUCTION: A reciprocal relationship between bone and bone marrow adipose tissue (BMAT) has been well-documented in numerous studies,
highlighting their antagonistic interactions. Interestingly, we and others have discovered an unexpected, concordant loss of both bone tissue and BMAT during
lactation, when the skeleton is subjected to significant stress due to maternal calcium homeostasis and energy metabolism [1,2]. Estrogen deficiency and
elevated serum parathyroid hormone-related peptide (PTHrP) are consistently observed during lactation, suggesting their involvement in these metabolic
processes [3,4]. Therefore, the objective of this study is to elucidate the effects of these two key endocrine signals on bone marrow adipocytes (BMAdSs) and
to explore the interaction between bone and BMAT. Based on findings that constitutive PTHrP leads to reductions in both bone and BMAT, we further
hypothesize that PTHrP/PTH1 receptor (PPR) signaling in BMAdSs plays a crucial role in regulating bone-BMAT adaptations in the maternal skeleton.
METHODS: All animal experiments were IACUC approved. First, 2-month-old female B6 mice were divided into three groups (n=4-5/group): Virgin, 12-
day Lactation, and 14-day Recovery. Femurs were harvested, scanned using micro-computed tomography (uCT) for trabecular and cortical bone morphometry,
and analyzed for perilipin® mature BMAd fraction (Ad.Ar/Ma.Ar) and area (Ad.Ar). In the second study, 6-month-old female CD1 mice were continuously
infused with either vehicle (VEH, 2% L-cysteine) or PTHrP1-34 (PTHrP, 34 pg/kg/day) via osmotic pumps (Alzet) for 2 weeks (n=5/group). Distal femurs
were scanned with in vivo pCT before and after infusion to assess trabecular bone morphometry. Additionally, 10-month-old female CD1 mice underwent
ovariectomy (OVX) and were euthanized 6 weeks later, alongside age-matched intact (INT) controls. Right tibiae from the PTHrP and OV X experiments were
analyzed for BMAd fraction, area, and perimeter (Ad.Pm). Finally, 2-month-old female Adipog-CreERT2; PPRd (cKO) and wildtype (WT) littermate mice
were divided into virgin and lactation groups. All mice received tamoxifen at 7.5 weeks of age. Lactating mice were mated 3 weeks post-tamoxifen and
euthanized at 12d lactation, with age-matched WT mice euthanized concurrently. Left proximal tibiae were uCT scanned ex vivo for trabecular bone
morphometry, and the midshaft was analyzed for cortical thickness and porosity. Right proximal tibiae were analyzed for BMAd fraction, area, and perimeter.
Statistical significance was determined using one-way ANOVA or Student’s t-test with Bonferroni correction.

RESULTS: (1) No statistically significant difference was found in BV/TV. Significantly lower Th.Th and Ct.Th were observed in lactating mice compared
to virgins (Fig. 1A-C, -30% and -18%, respectively), while post-weaning mice had 25% and 20% higher Tb.Th and Ct.Th, respectively. Compared to virgin
mice, lactating mice showed a non-significant difference in adipocyte fraction and a 34% smaller size (Fig. 1D-E). Following recovery, both adipocyte fraction
and size were significantly larger by 520% and 183%, respectively, compared to lactating mice. (2) The continuous infusion of either the vehicle or PTHrP
led to significant reductions in BV/TV by 33% and 37%, respectively (Fig. 2A). While the PTHrP infusion resulted in a 12% decrease in Th.Th, this reduction
was not observed in the VEH group. Additionally, the PTHrP mice showed smaller adipocyte fraction, size and perimeter (Fig. 2C-E, -62%, -48%, and -24%,
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